Introduction {#S0001}
============

Long non-coding RNAs (LncRNAs) are a novel group of ncRNAs with the length of more than 200 nucleotides.[@CIT0003] LncRNAs are capable of regulating gene expression at epigenetic, transcriptional and post-transcriptional levels, thus, participating in various of pathological process such as autophagy, necrosis and apoptosis.[@CIT0004]--[@CIT0006] LncRNAs have been confirmed to play vital roles in cancer progression, metastasis, prognosis and drug resistance in NSCLC.[@CIT0007] LncRNA human plasmacytoma variant translocation1 (PVT1) as a novel potential biomarker for diagnosis and prognosis of NSCLC inhibited the expression of p15 and p21.[@CIT0008] PVT1 also acts as a competing endogenous RNA for miR-497 which can promote the progression of NSCLC.[@CIT0009] Wan et al have done in-depth research and proved that PVT1 promoted the proliferation of NSCLC cells via regulating LATS2 expression.[@CIT0010] Moreover, a previous study revealed that knockdown of PVT1 improved NSCLC radiosensitivity by sponging miR-195.[@CIT0011] Further research has demonstrated that PVT1 could function as an endogenous competing RNA for miR-216b to inhibit NSCLC cisplatin sensitivity.[@CIT0012]

MiR-148/152 was shown in prior studies to be a prospective biomarker in NSCLC.[@CIT0013] The plasma expression levels of miR-148/152 may be useful biomarkers for the early diagnosis of NSCLC in NSCLC patients.[@CIT0014] RAB family proteins are small GTPases engaged in the transport of proteins. RAB34 is belonging to the RAB family that are associated with many cancers.[@CIT0015] A tumor suppressor-folliculin directs the formation of Rab34--RILP complex to regulate the nutrient-dependent dynamic distribution of lysosomes.[@CIT0016] A previous study showed that RAB34 targeted miR-9 was up-regulated in human gastric carcinoma.[@CIT0017] RAB34 can also control breast cancer cell adhesion, migration, and invasion.[@CIT0015] In addition, RAB34 expression was linked with the progression of glioma grade and conferred as a prognosis-associated biomarker in gliomas.[@CIT0018]

In our research, the correlation between PVT1 and miR-148 and RAB34 in NSCLC was investigated. We have demonstrated that PVT1 promotes NSCLC cell proliferation and migration and then find that miR-148 directly targets PVT1. Also, RAB34 was confirmed as a direct target of miR-148. We discovered that PVT1 and RAB34 were up-regulated and miR-148 was down-regulated in tissues and cells of NSCLC. RAB34, regulated by PVT1 and miR-148, promoted the in vivo and in vitro proliferation and migration of the NSCLC cells. In short, the signal pathway PVT1/miR-148/RAB34 may serve as a promising therapeutic target for NSCLC.

Materials and Methods {#S0002}
=====================

Clinical Tissues Collection {#S0002-S2001}
---------------------------

We collected 25 paired NSCLC and adjacent normal lung tissues from patients at Ningbo Medical Center Lihuili Eastern Hospital. These patients were diagnosed with NSCLC and did not receive radiotherapy or chemotherapy prior to surgery. The tissues were stored in liquid nitrogen and transferred to laboratory. The written informed consent was obtained from all patients with NSCLC. The study including the xenograft assay was approved by the Ethics Committee of the Ningbo Medical Center Lihuili Eastern Hospital and was conducted in accordance with the Declaration of Helsinki.

Cell Culture {#S0002-S2002}
------------

The human normal bronchial epithelial cell line NHBE and NSCLC cell lines (A549,H1299,SPCA1,H2279,H1975,H1650,HC827) were purchased from American Type Culture Collection (ATCC, USA). A549 and H1299 cells were cultured in RPMI-1640 medium (GIBCO, NY, USA) and other cells (SPCA1,H2279,H1975,H1650,HC827) were cultured in DMEM medium supplemented with 10% fetal bovine serum, penicillin (100 U/mL) and streptomycin (100 mg/mL). All cells were maintained in an environment of 37°C and 5% CO~2~.

Quantitative Reverse Transcription PCR (qRT-PCR) {#S0002-S2003}
------------------------------------------------

For qRT-PCR analysis, total RNA was extracted using TRIzol reagent (Invitrogen, CA, USA) and were reverse transcribed into cDNA using PrimeScrpt RT reagent Kit (TaKaRa, Dalian, China) according to the manufacturer's instructions. The SYBR\@Premix Ex Taq™ (TaKaRa, Dalian, China) was used to perform quantitative RT-PCR in a 20ul reaction which was subsequently proceeded in a Real-Time PCR detection system (Applied Biosystems™, USA). The qRT-PCR analysis of miRNA was performed using the All-in-One™ miRNA qRT-PCR detection kit (Genecopeia, MD, USA). TheΔΔCt was calculated by subtracting the ΔCt of the control cells from the ΔCt of the experimental cells. Fold change was generated using the 2^−ΔΔCt^ equation. The qRT-PCR primer sequences used are as follows:

miR-148-forward:5ʹTGCGGTCAGTGCACTACAGAAC3ʹ; miR-148-forward:5ʹCCAGTGCAGGGTCCGAGGT 3ʹ;

PVT1-forward: 5ʹ CTTTCAGCACTCTGGACGGACTTG 3ʹ;

PVT1-reverse: 5ʹ GATCTATGGCATGGGCAGGGTAG 3ʹ;

RAB34-forward: 5ʹ TGCACGGGCACAAAGACTTCCAC 3ʹ;

RAB34-reverse: 5ʹ CCCAGCACCTCAAATCGTTCCAT 3ʹ;

Cell Transfection {#S0002-S2004}
-----------------

The pcDNA3.1-PVT1 vector was synthesized by General Biosystems (Anhui,China). MiR-148 mimics, miR-148 inhibitor and their corresponding negative control were also purchased from General Biosystems. The shRNA of RAB34 was designed and synthesized by Sigma (St. Louis, MO, USA). Transfections were carried out using Lipofectamine 3000 reagent (Thermo Fisher Scientific, CA, USA) according to the manufacturer's instructions.

Cell Viability Assay {#S0002-S2005}
--------------------

After 24hrs of transfection, A549 and H1299 cells were seeded onto 96-well plates (1000 cells/well). The cell viability assay was conducted by CCK8 according to the manufacturer's protocol. The original medium was removed and replaced with culture medium containing 10% CCK8 at 12, 24, 48, 72 hrs after cells were seeded. 4hrs after incubation, the absorbance at 450nm was measured using a microplate reader (Bio-Rad, CA, USA). Each test was performed in triplicate.

Colony Formation Assay {#S0002-S2006}
----------------------

500 A549 and H1299 cells after transfection were seeded onto 12-well plates. After 14 days of incubation, the cells were fixed with 4% paraformaldehyde for 15 mins and stained with 0.1% crystal violet for 30mins. The clones were photographed with a microscope (Leica, Germany). The number of visible clones indicated the ability of cell clone formation. The assay was conducted for three independent times.

Transwell Assay {#S0002-S2007}
---------------

1×105 cells were seeded onto the upper chamber of each 24-well plate (Corning, NY, USA) with serum-free medium. The pore size of the upper chamber was 8.0 µm. The lower chamber was filled with 600 µL of medium containing 10% FBS. After incubation for 24 hrs, the cells attached to the reverse phase of the membrane were fixed with 4% paraformaldehyde for 15 min and the cells on the upper chamber were removed using cotton swabs. Then, the cells located on the lower surface were stained with 0.1% crystal violet for 5 min. Cells were photographed for at least five fields using a light microscope (Leica, Germany).

Wound Healing Assay {#S0002-S2008}
-------------------

The transfected cells were seeded onto 24-well plates (1×10^5^ cells/well). The seeded cells were cultured overnight and a scratch was introduced with a pipette tip. Then the cells were washed with PBS for three times. At 0h and 48h, the images were captured under a light microscope. The scratch area was calculated by ImageJ software. At least five fields of each group were evaluated. The value of relative migration distance (%) is obtained through dividing the scratch area at 48hrs by that at 0hrs.

Dual-Luciferase Reporter Assay {#S0002-S2009}
------------------------------

The binding sites between miR-148 and RAB34 or miR-148 and PVT1 were predicted by bioinformatics analysis tool TargetScan ([<http://www.starbase.sysu.edu.cn>]{.ul}). The predicted binding sequence or mutant binding sites of PVT1 and RAB34 were synthesized by General Biosystems and cloned into pGLO vector (Promega, Madison, USA) vector. Wild type or mutant type of luciferase reporter plasmid was co-transfected with miR-148 mimic or mimic control in A549 and H1299 cells using Lipofectamine 3000 (Thermo Fisher Scientific) according to the manufacturer's protocols. After 48 h, the lysed cells were exploited for luciferase activities analysis using a Dual-Luciferase Assay Kit (GeneCopoeia, MD, USA).

RNA Pull-Down Assay {#S0002-S2010}
-------------------

A549 and H1299 cells were transfected with biotinylated probe such as biotin-miR-148 or biotin-NC. We collected the cells after 48hrs. The cells were lysed by specific lysis buffer for 10mins. M-280 streptavidin beads (Sigma, CA, USA) pre-coated with BSA and yeast tRNA were used to incubate with the lysate at 4°C for 4hrs. Then, the beads were washed with pre-cooled lysis buffer for three times, washed with low salt buffer for three times and then high salt buffer for two times. Finally, we performed qRT-PCR to detect the enrichment of lncRNA PVT1.

Western Blot {#S0002-S2011}
------------

The cells were collected and lysed in ice-cold RIPA lysis buffer (Thermo Fisher Scientific, CA, USA). The protein was quantified with the BCA kit (TaKaRa, Dalian, China). A total of 40ug protein was separated by 10% (SDS)-polyacrylamide gel for electrophoresis and then transferred onto polyvinylidene difluoride (PVDF) membrane. The 1× Tris-buffered saline with Tween (TBST) containing 5% nonfat milk was used to block the non-specific staining for 1 hr at room temperature. The membranes were then incubated with specific primary antibodies against RAB34 (Abcam, 1:1000) and GAPDH (Abcam, 1:3000) at a temperature of 4°C overnight. The 2 h of incubation was conducted at room temperature with the corresponding secondary antibodies (Abcam,1:10,000). The bands were visualized with an ECL kit (Pierce, USA) in a darkroom and analyze the gray scale of the strip by lab V 2.01 image analysis software (Total Lab, England).

Immunohistochemistry {#S0002-S2012}
--------------------

6 pairs of paraffin-embedded non-small cell lung cancer tumor and the adjacent normal tissues were sectioned and de-waxed conventionally. Antigen retrieval was done by microwave heating for three times and added with antigen retrieval buffer containing citrate buffer. Sections were incorporated with 0.5% hydrogen peroxide acting as the blocking buffer for 20 min at room temperature to block endogenous peroxidase activity. Then, the slides were incubated with specific primary antibody of RAB34 (1:300, abcam, England) at a temperature of 4°C overnight followed by incubating with the secondary antibody for 2 h at room temperature. Immunostaining was performed using DAB according to the manufacturer's instructions. The protein expression of RAB34 was observed under a microscope. The integrated optical density (IOD value) of three randomly selected fields from each slide was analyzed using Image ProPlus 6.0 software.

Nude Mice Xenograft Assay {#S0002-S2013}
-------------------------

A total of 20 Male BALB/c nude mice (4--6 weeks old, 18--22 g) were purchased by Vital River Laboratory Animal Technology Company (Beijing, China) and randomly divided into four groups (pcDNA3.1-RAB34, pcDNA3.1, sh-RAB34 and sh-NC,N = 5/group). The mice were housed in a specific pathogen-free environment with a temperature of 25°C and 60% relative humidity. 5×10^6^ transferred A549 cells were suspended in 100ul PBS and inoculated subcutaneously into the dorsal flanks of nude mice. Tumor growth was monitored every 2 days after the tumor appears and the volume was calculated by the following equation: Tumor volume=1/2×(width)2×length. The mice were killed and the tumors were weighed after 23 days of cell inoculation. All the animal procedures were performed in accordance with the guidelines of Ningbo Medical Center Lihuili Eastern Hospital Animal Care and Use Committee.

Statistical Analysis {#S0002-S2014}
--------------------

The date statistical significance analysis was performed using Prism GraphPad5.0 and SPSS 20.0 software. Student *t-*test was used to compare between two different groups while one-way ANOVA was used to evaluate the difference among multiple groups. p\<0.05 was considered to be statistically significant.

Results {#S0003}
=======

The Expression of PVT1 Is Up-Regulated in NSCLC and Associated with Poor Prognosis {#S0003-S2001}
----------------------------------------------------------------------------------

Previous study revealed that PVT1 was up-regulated in NSCLC.[@CIT0016] To verify this result and lay the foundation for further experiments, we found that PVT1 was up-regulated in NSCLC tissues compared with normal lung tissues via analyzing the profiles of NSCLC patient from Gene Expression Omnibus (GEO) dataset ([Figure 1A](#F0001){ref-type="fig"}). Then, 25 paired NSCLC tissue and matched normal tissues were collected and the expression of PVT1 was evaluated by qRT-PCR. The results also revealed an elevation of PVT1 level in NSCLC tissues ([Figure 1B](#F0001){ref-type="fig"}). The qRT-PCR results showed that the expression level of PVT1 was elevated at different degrees compared to the NHBE group, with PVT1 at highest levels in A549in NSCLC cell lines including A549, A1299, SPCA1, H2279, H1975, H1650 and HC827 ([Figure 1C](#F0001){ref-type="fig"}). The additional findings from KM plotter dataset showed that patients with greater PVT1 had shorter survival times while patients with reduced PVT1 had a longer survival time ([Figure 1D](#F0001){ref-type="fig"}). This finding has highly indicated PVT1 as a prognostic predictor of NSCLC.Figure 1LncRNA PVT1 expression is up-regulated in NSCLC and correlated with poor prognosis of patients with NSCLC. (**A**) Relative expression of PVT1 in the profiles of NSCLC patient tissues from GEO. (**B**) PVT1 expression in 25 paired NSCLC tissues compared with normal tissues was detected by qRT-PCR assay. (**C**) PVT1 expression was examined by qRT-PCR in NSCLC cell lines (A549, H1299, SPCA1,H2279, H1975, H1650,HC827) and human normal bronchial epithelial cell line (NHBE). (**D**) Up-regulation of PVT1 expression is associated with poor prognosis. Kaplan-Meier survival of NSCLC patients on PVT1 high- and low-expression groups was analyzed by KM plotter software. \*p\<0.05 vs normal or NHBE group.

Cell Proliferation and Migration Were Promoted by Over-Expression of PVT1 in NSCLC Cells {#S0003-S2002}
----------------------------------------------------------------------------------------

To investigate the effect of PVT1 on NSCLC cell proliferation and migration, we selected A549 and H1299 cell lines. The over-expression of pcDNA3.1-PVT1 and corresponding negative control (pcDNA3.1) were transfected into A549 and H1299 cells. The efficiency of transfection was verified by qRT-PCR analysis ([Figure 2A](#F0002){ref-type="fig"}). The effect of PVT1 on cell proliferation was demonstrated by CCK8 assay and clone formation assay. CCK8 assay revealed that PVT1 over-expression promoted the cells viability in A549 and H1299 ([Figure 2B](#F0002){ref-type="fig"}). The clone formation assay showed that overexpression of PVT1 in A549 and H1299 cells promoted the proliferative capacity compared with the control group ([Figure 2C](#F0002){ref-type="fig"}). The transwell assay and wound healing assay revealed that the A549 and H1299 cells migration were accelerated by the transfection of pcDNA3.1-PVT1 vector ([Figure 2D](#F0002){ref-type="fig"} and [E](#F0002){ref-type="fig"}). In summary, the results showed that PVT1 promoted NSCLC cells proliferation and migration.Figure 2PVT1 promotes the proliferation and migration of NSCLC cell lines in vitro. (**A**) Transfection effect of PVT1 was detected by qRT-PCR assay. (**B**) Proliferation ability of each group was measured by CCK-8 assay and (**C**) colony formation assay. (**D**) Migration ability of each group was detected by transwell assay and (**E**) wound healing assay. \*p\<0.05 vs pcDNA3.1 group.

Cell proliferation and migration were inhibited by knock down of PVT1 in NSCLC cells.

To further verify the effect of PVT1 on NSCLC cell proliferation and migration, he siRNA knocking down PVT1 and the negative control was transfected into A549 and H1299 cells. The efficiency of transfection was verified by qRT-PCR analysis ([Figure 3A](#F0003){ref-type="fig"}). CCK8 and clone formation assay revealed that PVT1 knock down inhibited the cell viability and proliferative capacity in A549 and H1299 ([Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}). The transwell assay and wound healing assay revealed that the A549 and H1299 cells migration was inhibited by knockdown of PVT1 ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}). In summary, the results showed that PVT1 knockdown inhibited NSCLC cells proliferation and migration.Figure 3PVT1 knock down inhibited the proliferation and migration of NSCLC cell lines in vitro. (**A**) Transfection effect of si-PVT1 was detected by qRT-PCR assay. (**B**) Proliferation ability of each group was measured by CCK-8 assay and (**C**) colony formation assay. (**D**) Migration ability of each group was detected by transwell assay and (**E**) wound healing assay. \*p\<0.05 vs si-NC group.

MiR-148 Is a Direct Target of PVT1 and Is Down-Regulated in NSCLC {#S0003-S2003}
-----------------------------------------------------------------

To explicate the mechanisms underlying effects of PVT1 in NSCLC, we conducted bioinformatics analysis to search the targets of PVT1 with the help of TargetScan database. We cloned the wild and mutant sequence predicted as the binding site in the 3ʹUTR of PVT1 ([Figure 4A](#F0004){ref-type="fig"}). The luciferase reporter assay showed that the co-transfection of miR-148 mimics largely decreased the activity of the reporter plasmid containing PVT1-wt but not PVT1-mut ([Figure 4](#F0004){ref-type="fig"}[B](#F0004){ref-type="fig"}). The effect of miR-148 on the expression of PVT1 was performed by qRT-PCR. As expected, the results suggested that over-expression of miR-148 inhibited the expression level of PVT1, inversely, inhibition of miR-148 promoted the expression of PVT1 ([Figure 4C](#F0004){ref-type="fig"}). Furthermore, RNA pull-down assay demonstrated that PVT1 was co-precipitated with miR-148, revealing that miR-148 can bind to PVT1 ([Figure 4D](#F0004){ref-type="fig"}).Figure 4PVT1 is a direct target of miR-148 in A549 and H1299 and miR-148 expression is down-regulated in NSCLC. (**A**) Schematics of the predicted binding sequences of miR-148 in the wild-type and mutant (in red) of PVT1 (**B**) The dual-luciferase assay was performed to prove the relationship between miR-148 and PVT1. (**C**) The expression of PVT1 in A549 and H1299 cells was tested by qRT-PCR after the transfection of miR-148-mimics or miR-148-inhibitor. (**D**) The enrichment of lncRNA PVT1 was detected by qPCR after the RNA pull-down. (**E**) MiR-148 expression was examined by qRT-PCR in NSCLC cell lines (A549, H1299, SPCA1, H2279, H1975, H1650, HC827) and human normal bronchial epithelial cell line (NHBE). (**F**) miR-148 expression in 25 paired NSCLC tissues compared with normal tissues was detected by qRT-PCR assay. (**G**) Down-regulation of miR-148 expression is associated with poor prognosis. Kaplan-Meier survival analysis of NSCLC patients on miR-148 high- and low-expression groups was analyzed by KM plotter software. (**H**) The correlation analysis between the expression of PVT1 and the expression of miR-148 in NSCLC. \*p\<0.05 vs mimic control, biotin-NC, normal and MHBE groups, respectively, \*\*p\<0.01 vs normal group, ^\#^p\<0.05 vs inhibitor control group.

We next investigated the expression and effect of miR-148 in NSCLC. First, qRT-PCR was performed to evaluate the expression of miR-148 in various NSCLC cell lines. The results showed that NSCLC cell lines (A549, H1299, SPCA1, H2279, H1975, H1650, HC827) expressed lower levels of miR-148 compared with the normal bronchial epithelial cell line (NHBE) ([Figure 4E](#F0004){ref-type="fig"}). Next, we checked the expression of miR-148 in 25 paired of NSCLC tissue and matched normal tissues by qRT-PCR.The expression of miR-148 was significantly reduced in NSCLC tissues compared with control ([Figure 4F](#F0004){ref-type="fig"}). Furthermore, we conducted a Kaplan--Meier survival analysis to find that patients with lower miR-148 levels exhibited a shorter survival time ([Figure 4G](#F0004){ref-type="fig"}). Finally, we analyzed the correlation between PVT1 and miR-148 expression in NSCLC tissues, suggesting that there was a significantly negative correlation between them ([Figure 4H](#F0004){ref-type="fig"}).

MiR-148 Reversed the Effect of PVT1 in NSCLC {#S0003-S2004}
--------------------------------------------

In order to verify the relationship between miR-148 and PVT1, rescue experiment was carried out. Over-expressing vector of PVT1 and miR-184 mimic was co-transfected into A549 and H1299 cells. CCK8 assay revealed that the co-transfection of PVT1 over-expressing vector and miR-148 mimic reduced the cells\' viability in A549 and H1299 cells compare to the PVT1 over-expression group ([Figure 5](#F0005){ref-type="fig"}[A](#F0005){ref-type="fig"}). Clone formation assay also showed that miR-148 reduced the number of colonies in comparison with PVT1 group ([Figure 5B](#F0005){ref-type="fig"}). Similarly, transwell assay and wound healing assay both revealed that miR-148 reversed the migration of A549 and H1299 cells compare to PVT1 group ([Figure 5C](#F0005){ref-type="fig"} and [D](#F0005){ref-type="fig"}).Figure 5MiR-148 reversed the effect of PVT1 in vitro. Cells were transfected with PVT1, PVT1+mimic control or PVT1+miR-148 mimic. Proliferation ability of each group was measured by (**A**) CCK-8 assay and (**B**) colony formation assay. Migration ability of each group was detected by (**C**) transwell assay and (**D**) wound healing assay. \*p\<0.05 vs pcDNA3.1+mimic control group.

RAB34 Is a Direct Target of miR-148 and Up-Regulated in NSCLC {#S0003-S2005}
-------------------------------------------------------------

Furthermore, we predicted the putative binding sites of miR-148 and RAB34 using TargetScan website and designed 3ʹUTR mutant of RAB34 for luciferase reporter assay ([Figure 6A](#F0006){ref-type="fig"}). The luciferase reporter assay revealed that miR-148 mimics markedly suppressed the luciferase activity of the reporter plasmid containing RAB34-wt, but no change was observed in RAB34-3ʹUTR-mut group ([Figure 6B](#F0006){ref-type="fig"}). The effect of miR-148 on expression of RAB34 was detected by Western blot and the result showed that miR-148-mimics reduced the protein expression of RAB34 ([Figure 6C](#F0006){ref-type="fig"}). Then, the correlation analysis showed that there was a significantly negative correlation between miR-148 and RAB34 ([Figure 6D](#F0006){ref-type="fig"}).Figure 6RAB34 is a direct target of miR-148 in A549 and H1299 and RAB34 expression is up-regulated in NSCLC (**A**) Schematics of the predicted binding sequences of miR-148 in the wild-type and mutant (in red) 3ʹUTR of RAB34 (**B**) The dual-luciferase assay was performed to prove the relationship between miR-148 and RAB34. (**C**) The protein expression of RAB34 in A549 and H1299 cells was tested by WB after the transfection of miR-148-mimics or miR-148-inhibitor. (**D**) The correlation analysis between the expression of RAB34 and the expression of miR-148 in NSCLC. (**E**) Relative expression of RAB34 in the profiles of NSCLC patient tissues from GEO. (**F**) RAB34 expression in 25 paired NSCLC tissues compared with normal tissues was detected by qRT-PCR assay. (**G**) RAB34 expression was examined by qRT-PCR in NSCLC cell lines (A549, H1299, SPCA1, H2279, H1975, H1650, HC827) and human normal bronchial epithelial cell line (NHBE). (**H**) The correlation analysis between the expression of PVT1 and the expression of RAB34 in NSCLC. (**I**) The effect of miR-148 and PVT1 on the expression of RAB34 was detected by Western blot. (**J**) The expression of RAB34 in NSCLC tissues and normal tissues was examined by immunohistochemical staining and the mean IOD value was calculated. \*p\<0.05 vs mimic control, pcDNA3.1, normal and MHBE groups, respectively, \*\*p\<0.01 vs normal group, ^\#^p\<0.05 vs inhibitor control group.

Through analyzing the profiles of NSCLC patient from Gene Expression Omnibus (GEO), we found that RAB34 was up-regulated in NSCLC tissues compared with normal lung tissues ([Figure 6E](#F0006){ref-type="fig"}). The expression of RAB34 in NSCLC tissues and cells was detected via qRT-PCR assay and the result indicated that RAB34 is significantly highly expressed in NSCLC tissues and cells compared with the corresponding control group ([Figure 6F](#F0006){ref-type="fig"} and [G](#F0006){ref-type="fig"}). The results of immunohistochemistry experiments also showed that RAB34 is highly expressed in NSCLC tissues significantly ([Figure 6J](#F0006){ref-type="fig"}). Since the expression of miR-148 is negatively correlated with RAB34 and PVT1, we hypothesized that PVT1 positively regulates the expression of RAB34. The correlation analysis of the mRNA expression confirmed that RAB34 was positively correlated with PVT1 ([Figure 6H](#F0006){ref-type="fig"}). We performed Western blot assay to detect the effect of miR-148 and PVT1 on the protein expression of RAB34 in A549 and H1299 cells. Over-expression of PVT1 can increase the protein expression of RAB34, while over-expression of miR-148 can reverse this effect ([Figure 6I](#F0006){ref-type="fig"}). Then, we evaluated the expression of RAB34 in NSCLC and normal tissue using IHC. As [Figure 6J](#F0005){ref-type="fig"} revealed, expression level of RAB34 in NSCLC tumor tissues is much high than that in normal tissues.

RAB34 Promotes the Proliferation and Migration of NSCLC Cells {#S0003-S2006}
-------------------------------------------------------------

The results of [Figure 2](#F0002){ref-type="fig"} demonstrated that over-expression of PVT1 can promote the proliferation and migration of A549 and H1299 cells and the results of [Figure 6](#F0006){ref-type="fig"} revealed that the expression levels of PVT1 and RAB34 are positively correlated. Therefore, we suspected that the expression of RAB34 can also promote the proliferation and migration of A549 and H1299 cells. We transfected pcDNA3.1-RAB34 or si-RAB34 into A549 and H1299 cells, the effects of over-expression and interference vector were detected by qRT-PCR ([Figure 7A](#F0007){ref-type="fig"}). As shown in the CCK8 assay, over-expression of RAB34 increased cell viability, while knockdown of RAB34-reduced cell viability of NSCLC cells ([Figure 7B](#F0007){ref-type="fig"}). In addition, clone formation assay revealed that RAB34 over-expressing promoted cell proliferation compared with the pcDNA3.1 control group, inversely the knockdown of RAB34 had an inhibitory effect in cell proliferation. The number of cell clones represents the ability of cell proliferation ([Figure 7C](#F0007){ref-type="fig"}). The effects of RAB34 on migration capacity of A549 and H1299 cells were detected by transwell and wound healing assay. These results demonstrated that the up-regulation of RAB34 promoted the migration of A549 and H1299 cells and down-regulation of RAB34 inhibited the cell migration ([Figure 7D](#F0007){ref-type="fig"} and [E](#F0007){ref-type="fig"}).Figure 7RAB34 promotes the proliferation and migration of NSCLC cell lines in vitro. (**A**) The effect of over-expression and knockdown of PVT1 was detected by qRT-PCR assay. (**B**) Proliferation ability of each group was measured by CCK-8 assay and (**C**) colony formation assay. (**D**) Migration ability of each group was detected by transwell assay and (**E**) wound healing assay. \*p\<0.05 vs pcDNA3.1 group, ^\#^p\<0.05 vs si-NC control group.

RAB34 Knock Down Reversed the Effect of PVT1 in NSCLC {#S0003-S2007}
-----------------------------------------------------

In order to verify the relationship between RAB14 and PVT1, rescue experiment was carried out. Over-expressing vector of PVT1 and si-RAB14 were co-transfected into A549 and H1299 cells. CCK8 assay revealed that co-transfection of PVT1 over-expressing vector and si-RAB14 reduced the cells\' viability in A549 and H1299 cells compare to the PVT1 over-expression group ([Figure 8A](#F0008){ref-type="fig"} and [B](#F0008){ref-type="fig"}). Clone formation assay also showed that RAB34 knock down reversed the effect of PVT1 on colony formation ([Figure 8C](#F0008){ref-type="fig"}). Similarly, transwell assay and wound healing assay both revealed that RAB34 knock down reversed the function of PVT1 on cell migration of NSCLC cells ([Figure 8D](#F0008){ref-type="fig"} and [E](#F0008){ref-type="fig"}).Figure 8RAB34 knock down reversed the effect of PVT1 in vitro. Cells were transfected with PVT1, PVT1+si-NC or PVT1+si-RAB34. Proliferation ability of each group was measured by (**A, B**) CCK-8 assay and (**C**) colony formation assay. Migration ability of each group was detected by (**D**) transwell assay and (**E**) wound healing assay. \*p\<0.05 vs PVT1+si-NC group.

RAB34 Promotes Tumorigenesis of NSCLC Cell in vivo {#S0003-S2008}
--------------------------------------------------

To further investigate the effect of RAB34 on the tumor growth in vivo, A549 cells stably transfected with pcDNA3.1-RAB34, sh-RAB34 or their corresponding control were injected into the flanks of nude mice subcutaneously. The results revealed that the tumor volume in the mice with RAB34 over-expressing cells was larger compared to the control group, while the mice with RAB34 inhibiting cells had smaller tumor volumes ([Figure 9A](#F0009){ref-type="fig"} and [B](#F0009){ref-type="fig"}). At last, the tumors were removed and weighed. The mean tumor weight of RAB34 over-expressing group was significantly higher than that in the control group and the tumor weight of RAB34 down-regulating group was lower than that in the control group ([Figure 9C](#F0009){ref-type="fig"}).Figure 9RAB34 promotes tumor growth of NSCLC in vivo. (**A**) The picture of tumors. A549 cell lines that stably expressed pcDNA3.1-RAB34, sh-RAB34 or corresponding control were injected into the flanks of nude mice subcutaneously. (**B**) The mice were closely monitored for tumor growth and tumor volume was measured at the indicated times. (Tumor volume=1/2×(width)2×length) (**C**) The weight of tumor in each group. \*p\<0.05 vs pcDNA3.1 group, ^\#^p\<0.05 vs sh-NC control group.

Discussion {#S0004}
==========

NSCLC accounts for more than 80% of lung cancer which is the primary cause of cancer-related deaths worldwide.[@CIT0001],[@CIT0020] Although numerous treatments are available, the survival rates of NSCLC patients are still low.[@CIT0002],[@CIT0021] Therefore, it is necessary to find potential therapeutic targets of NSCLC. In recent years, many studies have revealed that the expression of lncRNAs is aberrant in human cancer.[@CIT0022] It has been reported that the expression of lncRNA PVT1 was up-regulated in NSCLC and promotes the tumorigenesis in NSCLC.[@CIT0023] However, the underlying mechanism remains poorly understood. For instance, PVT1 is able to bind miR-497 and regulate the expression of its downstream gene LATS2.[@CIT0009],[@CIT0010]

In this study, we aim to extend our knowledge about the molecular mechanism underlying the effect of PVT1. We found that the expression of lncRNA PVT1 was statistically higher in both NSCLC tissues and cells and demonstrated that PVT1 promoted the proliferation and migration of NSCLC cells which is consistent with the previous studies. Then, we performed dual luciferase assay to reveal that miR-148 targeted PVT1 and was down-regulated in NSCLC tissues and cells. Previous studies have indicated that PVT1 targets miR-195 and miR-216b in NSCLC.[@CIT0011],[@CIT0012] The binding sites of miR-195, miR-216b and miR-148 locate in the different region of PVT1 sequence.[@CIT0019] To expand our understanding of the mechanism underlying the effect of PVT1, we chose miR-148 for the further research which has not been studied as the target of PVT1. The down-regulation of miR-148 was related to poor prognosis of NSCLC patients. MiR-148a, miR-148b and miR-152 which were the three members of the miR-148/152 family have been identified to have a low expression in NSCLC tissues and cells.[@CIT0024] Moreover, the level of miR-148 in plasma samples of non-small cell lung cancer patients was also lower than that of normal patients. These findings indicated the potential critical effect of miR-148 in the progression of NSCLC. We determined that miR-148 targeted PVT1 and was capable of reversing the function of PVT1 which verified out speculation.

It is well known that ceRNA is the main mechanism involved in the function of lncRNAs.[@CIT0025],[@CIT0026] In this way, lncRNAs competing with the other genes to bind with miRs, thus spared the negative regulation of miRs on their target genes. We also tried to find the ceRNA of PVT1. The TargetScan website revealed that miR-148a, miR-148b, and miR-152 both bind to RAB34 and the binding sites are identical. RAB family proteins play a vital role in the initiation and progression of tumors.[@CIT0027] Rab proteins regulate cancer cell migration and invasion through modulating surface protein internalization, degradation, and recycling.[@CIT0028],[@CIT0029] RAB34 leads to poor prognosis in high-grade glioma patients[@CIT0018] which was overexpressed in HCC and may become a biomarker and therapeutic target for HCC.[@CIT0030] Previous results uncovered the role of Rab34 in migration and invasion of breast cancer cells and its involvement in cancer metastasis.[@CIT0015] In spite of these findings, the function of RAB34 in NSCLC was unclear.

In our study, the expression of RAB34 was verified to be up-regulated in NSCLC tissues and cells and is positively regulated by PVT1, meantime, negatively regulated by miR-148. As PVT1 and miR-148 have been reported to have critical roles in NSCLC, while RAB34 has not been studied before. Accordingly, we investigated the effect of RAB34 in the progression of NSCLC. To elucidate the effect of RAB34 on NSCLC, we over-expressed the RAB34 by transient transfection of pcDNA3.1-RAB34 vector and reduced the endogenous RAB34 by transient transfection of siRNA-RAB34 in NSCLC cells. The proliferation of cells was detected by CCK8 and clone formation assay. The migration of cells was detected by transwell and wound healing assay. The results showed that RAB34 could promote cell proliferation and migration in A549 and H1299 cells. The nude mice xenograft assay further determined that RAB34 could promote tumor growth in vivo.

In conclusion, we demonstrated that PVT1 exerts its oncogenic role by regulating the miR-148/RAB34 signal axis. We firstly discovered the function of RAB34 in NSCLC. Our findings spread out understanding on the effect of PVT1, miR-148 along with RAB34. RAB may become a new biomarker and therapeutic target for NSCLC. In addition, the PVT1/miR-148/RAB34 may become an important signal in NSCLC. However, the rescue experiments of the RAB34 and miR-148 as well as RAB34 and PVT1 are required to further confirm the ceRNA mechanism between RAB34 and PVT1.
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